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1.132 Declaration of Lisa Donnelly 

I, Lisa Donnelly, residing at 12 Oriole Rd Medfield, Massachusetts, hereby declare as 

follows: 

1 . I am a Platform Director for the R&D Group at DePuy Mitek, Inc. and my 
responsibilities include development of new products used for Sports Medicine applications. I have 
been working at DePuy Mitek, hic. for 8 years. 

2. I obtained a BS in Plastics Engineering (1991), MS in Plastics Engineering (1992) 
from University of Massachusetts, Lowell and an MBA from Babson College (2000)]. 



Confirmation No.: 1928 

Art Unit: 3732 

Examiner: David C. Comstock 



3. 



I have read the above-referenced application, and I fully understand the materials 
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disclosed and claimed therein. 

4. The above-referenced patent application is directed to a surgical procedure for 

affixing an anterior cruciate ligament screw into a bone using a biodegradable interference screw. 

5. I have also read U.S. Patent No. 5,632,748 of Beck, Jr. et al. ("Beck"), and I fully 
understand the invention disclosed therein. 

6. In the course of the research and development that resulted in the invention 
described and claimed in the above referenced patent application, I set out to design a 
biodegradable interference screw that would resorb at an appropriate rate while promoting bone 
in-growth and also providing sufficient strength for use in the claimed method. While 
interference screws made from biodegradable polymers were known at the time of the invention, 
such screws did not allow sufficient bone in-growth. For example, it was Icnown to use an 
interference screw made from polylactic acid. However, it was also known that screws made 
from polylactic acid tend to persist in the body for very long periods of time thereby preventing 
the desired bone in growth. Although attempts had been made to improve the bone regeneration 
process by using other biodegradable polymers and copolymers of lactic acid that resorb or 
absorb more quickly, the problem often associated with these quicker absorbing polymers or 
copolymers was that the bone regeneration proceeded at a much slower rate than the rate of 
resorption. This would result in premature mechanical failure of the screw and a resulting pull 
out of the graft end from the femoral turmel. Accordingly, my co-inventors and I set out to 
develop a method of replacing a ruptured or injmed anterior cruciate ligament with a graft using a 
biodegradable interference screw that would resorb at an appropriate rate while promoting bone 
in-growth. 

7. We were not the only people in the field that recognized the need for a method of 
replacing a ruptured or injured anterior cruciate ligament with a graft using a biodegradable 
interference screw that would resorb at an appropriate rate while promoting bone in-growth. In 
fact, at least since 2000, it was known to those of ordinary skill in the art that there was a need for 
such a biodegradable screw. For example, Andreas Weiler, M.D. et al. wrote about this long felt but 
unresolved need in a paper entitled "Biodegradable Lnplants in Sports Medicine: The Biological 
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Base " which is attached hereto as Exhibit A. In the paper, Weiler discussed the advantages and risks 
associated with the use of implants consisting of biodegradable polymers. After summarizing several 
studies of biodegradable implant degradation, Weiler concluded that the studies "suggest that a 
complete degradation of highly crystalline, so-called biodegradable, implants does not occur within 
an appropriate time."' Weiler also described the problems with a lack of bone in-growth that occur 
with biodegradable polymer implants. He noted that a major intent of biodegradable implants is 
complete tissue replacement, but also acknowledged that complete osseous replacement had not yet 
been shown experimentally or clinically. The long felt but unresolved need for a biodegradable 
interference screw that would maintain sufficient strength while resorbing at an appropriate rate 
and promoting bone in-growth was further demonstrated by Christian Fink, M.D. et al. in a paper 
entitled Bioabsorbable Polyglyconate Interference Screw Fixation in Anterior Cruciate Ligament 
Reconstruction: A Prospective Computer Tomography-Controlled Study, published in 2000 and 
attached hereto as Exhibit B. Fink's study compared metal interference screws with 
bioabsorbable polymer interference screws used in ACL reconstruction. Fink discussed the need 
for interference screws to maintain sufficient strength so as to resist applied loads until the 
healing tissues could carry the loads. He also noted that the holding strength of bioabsorbable 
screws must be maintained despite degradation of the unplant, and stated that "ideally, implant 
degradation should be accompanied by gradual bony replacement of the defect."^ The problems 
described by Weiler and Fink clearly demonstrate the continued recognized need for the claimed 
invention. 

8. None of the improvements that I made were easily ascertainable. The repair of an 
anterior cruciate ligament by the method described and claimed in the above-referenced patent 
application requires the graft to be securely anchored in a bone tunnel by a composite interference 
screw. The screws used to fix the graft in place are called "interference screws" because they are 
wedged between the graft and the wall of the bone timnel. The interference screw must be 



1 Andreas Weiler, M.D. et al, Biodegradable Implants in Sports Medicine: The Biological Base, 
ARTHROSOCOPY, Vol 16, No 3 (April), 2000, at 305, 307. 

2 Christian Fink, M.D. et al., Bioabsorbable Polyglyconate Intetference Screw Fixation in Anterior 
Cruciate Ligament Reconstruction: A Prospective Computer Tomography-Contiolled Study, ARTHROSOCOPY, Vol 
1 6, No 5 (July -August), 2000, at 491 , 496. 
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capable of withstanding the forces generated when the screw is threaded into the bone tunnel 
without fracturing or otherwise failing. However, the bioceramics described and claimed in the 
pending patent application are brittle materials and therefore not normally suitable for load 
bearing. In addition, although bioceramic materials and biodegradable polymer materials were 
known, these materials could not easily be combined to produce a biodegradable implant that would 
perform in the claimed method. For example, in a paper published after the filing date of the 
above referenced patent application, Chadwick A. Smith, M.D. et al. wrote about the problems of 
bioabsorbable interference screws composed of a biodegi'adable polymer and a bioceramic 
(attached as Exhibit C). In particular. Smith discusses interference screws composed of a 
combination of poly-L-lactic acid (PLLA) and tricalcium phosphate (TCP). The combination of 
PLLA and TCP was intended to reduce the brittleness that is seen in products made entirely of 
TCP. However, in the two cases described in the paper, the screws fractured as they were driven 
into the femoral tuimel. In one case, the screw was foimd to have broken just distal to the tip of 
the driving tool, and in the other case, the screw fractured into multiple pieces. Smith concluded 
that although an interference screw composed of a biodegradable polymer and a bioceramic was 
appealing because of the desirable biocompatibility features, the screws were somewhat brittle 
and could fracture during insertion. In order to continue to use the composite interference 
screws, Smith found it necessary to modify the method used to insert the screws into the tunnels. 

9. The developments that I made were substantial in hght of the current knowledge 
within the industry. The preferred materials described and claimed in the above-referenced patent 
application are notoriously difficult to handle and process even when used separately (i.e. not as 
composites). The physical and chemical properties of the mateiials also require careflil handling 
during manufacturing to avoid negative impact on the properties of the composite. The preferred 
bioceramic materials, such as mono-, di-, tri-, a-tri-, jS-tri-, or tetra-calcium phosphate, are 
hydroscopic and therefore absorb moisture. The preferred polymer materials, such as 
copolymers of polylactic acid and poly(glycolic acid), are hydroscopic and degrade in the 
presence of water. Through extensive experimentation a process was formulated that overcame the 
inherently incompatible properties of the preferred materials to produce a composite of polymer and 
bioceramic that was effective to promote bone ingrowth. Careful attention to processing details such 
as the water content and particle size of the preferred materials was also- required. If the water 
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content was not carefully controlled, the composite material would spontaneously break down, and if 
the particle size of the bioceramic powder was not extremely uniform the strength of the polymer 
component would not be retained when a composite was formed. Most importantly, we were able to 
produce a composite interference screw comprising the composite material claimed in the above- 
referenced application which provides sufficient strength to allow the screw to be advanced into 
the bone ttmnel by the claimed method. Accordingly, the developments I made were significant, 
especially when viewed in light of the long felt need for a biodegradable interference screw that 
would resorb at an appropriate rate while promoting bone in-growth, and the significant amount 
of experimentation and process engineering that was required in order to produce a 
biodegradable interference screw that could be used in the claimed method. 

10. I further declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that these 
statements were made with knowledge that willful false statements and the like so made are 



punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 




EXHIBIT A 



Current Concepts 

Biodegradable Implants in Sports Medicine: The Biological Base 

Andreas Weiler, M.D., Reinhard F. G. Hoffmann, M.D., Andreas C. Stahelin, M.D., 
Harms- Joachim Helling, M.D., and Norbert P. Siidkamp, M.D. 



Summary: Biodegradable implants are increasingly used in the field of operative sports medicine. 
Today, a tremendous variety of implants such as interference screws, staples, sutures, tacks, suture 
anchors, and devices for meniscal repair are available. These implants consist of different 
biodegradable polymers that have substantially different raw material characteristics such as in vivo 
degradation, host-tissue response, and osseous replacement. Because these devices have become the 
standard implant for several operative procedures, it is essential to understand their biological base. 
The puipose of this report is to provide a comprehensive insight into biodegradable implant biology 
for a better understanding pf the advantages and risks associated with using these implants in the field 
of operative sports medicine. In particular, in vivo degradation, biocompatibility, and tlie osseous 
replacement of tlie implants are discussed. A standa-dized classification system to document and treat 
possible adverse tissue reactions is given, vyith special regard to extra-articular and intra-articular 
soft-tissue response and to osteolytic lesions. Key Words: Biodegradable implants — Clinical 
application — Sports medicine — ^Biocompatibility — In vivo degradation. 



Materials that disintegrate in the body have been 
emerging over the past 3 decades, and there are 
now^ numerous implants available in the fields of 
orthopaedic surgery, general surgery, maxillofacial 
surgery, cardiology, gynecology, and urology. Tenns 
such as absorbable, resorbable, and degradable, with 
or without the prefix 'bio' are inconsistently used in 
the literature. We use the term biodegradable to 
characterize materials that show disintegration after 
implantation and subsequent complete excretion. 

For many years, biodegradable implants have been 
thought to offer advantages over metal analogs. In 
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orthopaedic practice, metal implants can distort mag- 
netic resonance imaging (MRI),'-^ and they release 
metal ions into the surroimding tissue. Further disad- 
vantages include the need for a second surgical 
procedure for implant removal and complicated revi- 
sion surgery resulting from the presence of the im- 
plant. The intent of biodegradable implants is to 
provide secure initial fixation strength while allowing 
degradation and replacement by the host tissue. There- 
fore, there is no need for implant removal, revision 
surgery is not compromised, and radiological imaging 
is not distorted. In addition, functional loads can be 
assumed earher by the healing bone while the material 
is degrading.^-'' 

In sports medicine, the development and use of 
biodegradable implants has emerged late compared 
with other fields, such as general orthopaedics, ortho- 
paedic tratmia surgery, and maxillofacial surgery. 
However, the strong interest of joint surgeons in these 
materials has led to the development of numerous 
implants becoming available and, as a result, the 
market has shown a dramatic change within the last 
few years. Today, we can choose fi-om a large variety 
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of biodegradable implants, such as sutures, staples, 
tacks, anchors, interference screws, and devices for 
meniscal repair. High mechanical properties of a 
biodegradable implant may be of primary importance 
in fracture fixation or other orthopaedic procedures 
where the implant is exposed to high loads. This may 
explain the slow progress of biodegradable implant 
technology in this field. In contrast, as several clinical 
and biomechanical studies have shown, certain opera- 
tive procedures in sports medicine do not require 
implants of high mechanical strength. For interference 
screw fixation in cruciate ligament reconstruction, 
the cancellous bone may be the weak link and not the 
interference screw. '-^ The fixation strength of a suture 
anchor construct may be limited by the suture or the 
bone stock quality.*-' 

Biodegradable implants consist of different poly- 
meric raw materials that have substantially different 
material characteristics and tissue response. We be- 
lieve that it is inappropriate to apply the term biodegrad- 
able to all these different materials. Furthermore, it is 
important to know the basic biology of these materials, 
such as in vivo degradation, osseous replacement, and 
biocompatibility, in order to evaluate their appropriate- 
ness for the use in operative sports medicine. The 
purpose of this review is to focus on current develop- 
ments and to provide the clinician with an insight in 
biodegradable implant biology. 



IN VIVO DEGRADATION 

Today, approximately 40 different biodegradable 
polymers are known. 'O-" Of these, the following 
materials have been studied to be used in orthopaedic 
implants: 

Polyglycolide (PGA) and copolymers such as poiy- 
glycolide-co-trimethylene carbonate (PGA-co- 

TMC), poly-(D,L-lactide-co-glycolide) (PDLLA- 
co-PGA), and poly-(L-lactide-co-glycolide) (PLLA- 
co-PGA). 

2. Poly-(L-lactide) (PLLA), poly-(D,L-lactide) (PDLLA), 
and their stereocopolymers with varying ratios of 
theLandD,L parts. 

3. Polydioxanone (PDS). 

4. Trimethylene carbonate (TMC). 

5. Polyorthoester (POE). 

6. Poly-c-capralacton (PCL). 

Additionally, composite materials consisting of 
PLLA/tricalcium phosphate or PLLAVhydroxyapatite 
have been introduced.'^-'^ Of major interest in implant 
technology in the field of operative sports medicine are 



the poly-a-hydroxy acids such as PLLA and PGA 
including their copolymers and stereocopolymers.'* 

In principal, synthetic biodegradable polymers con- 
sisting of poly-a-hydroxy acids undergo an unspecific 
hydrolytic chain scission due to water uptake." Degra- 
dation starts at the amorphous phase of the implant 
leading to fragmentation of the material to smaller 
parts, which are phagocj^osed primarily by macro- 
phages and polymorphonuclear leukocytes. '^-^o Poly- 
meric lactic acid oligomers degrade to monomers 
which enter the Krebs cycle and get dissimilated to 
carbon dioxide and water. Beside the hydrolytic 
chain scission, glycolic acid monomers can be released 
by unspecific esterases and carboxypeptidases.-' 

Degradation kinetics of different raw materials 
differ substantially, which may be attributable to the 
hydrophilic or hydrophobic nature of the different 
polymers. Furthermore, although the degradation kinet- 
ics of biodegradable implants depend primarily on 
polymer choice, a large variety of additional factors 
also appear to contribute to this process, including 
molecular weight, sterilization, implant size, self- 
reinforcement, and processing techniques, "-^^-^o 

We know that in vitro hydrolysis testing could differ 
markedly firom in vivo testing because of the addi- 
tional influence of environmental conditions. Due to a 
possible interaction between degrading polymers and 
the healing tissue, the in vivo degradation characteris- 
tics of biodegradable implants should be known. 
Unfortunately, only a few studies have investigated the 
in vivo degradation of the different polymers used in 
biodegradable implants, and these have reported vastly 
different results because of inconsistent test conditions 
and different implant processing techniques." Vert et 
al.^' tested the tensile strength of different polylactides 
implanted in sheep tibiae. They reported that PLLA 
maintains its tensile strength for over 150 weeks. In 
contrast, Geriach et al^"" found that PLLA rods lose 
approximately 50% of their bending strength within 4 
weeks if implanted in rat dorsal muscles. Fischer et 
al.'" reported that 2-mm rods made of PDLLA im- 
planted in rat dorsal muscles maintained 90% of their 
initial bending strength for over 6 weeks with subse- 
quent rapid degradation. In contrast, Mainil-Varlet et 
di.?- reported that pushout forces of PDLLA rods 
implanted in sheep tibiae increased continuously over 
a period of 6 months and were significantly higher than 
those of PLLA rods. This may be the resuh of the 
implant swelling caused by water uptake of the 
stereocopolymer. In principal, it is reasonable to 
assume that slow or intermediate degrading materials 
such as PLLA, PLLA-co-PDLLA, or PDLLA maintain 
their mechanical strength at least for the time required 
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Figure 1. Inguinal lymph 
node of a sheep 6 months after 
implantation of crystalline self- 
reinforced PGA pins. Macro- 
phage with intracellularly de- 
posited polymeric particles 
(black arrows). (Reprinted with 
permission.'") 



* i 



for proper tissue healing. Other materials, such as 
PDS, PGA, PGA-co-TMC, or PDLLA-co-PGA, which 
are expected to degrade more quickly, could suffer a 
significant loss of mechanical strengtid in vivo within 
the period of tissue healing. However, clinical studies 
have not yet reported any healing failure resulting 
from the use of these materials.^^ poj. lo^g.^ interme- 
diate-, and slow-degrading interference screws, differ- 
ent animal studies have proven that these screws 
withstand the forces until the graft is incoiporated.**'"'*^ 
While most reports studied the degradation kinetics 
of biodegradable implants by measuring strength reten- 
tion biomechanically, less is known about the long- 
term fate of implant remnants in the body. Pistner et 
al.^° found a large amount of particles of block- 
polymerized and injection-molded PLLA implants m 
dorsal rat muscle tissue 112 weeks after implantation, 
although the material had lost 80% of its benduig 
strength 32 weeks after implantation. Clinical reports 
have shown that remnants of high molecular-weight 
PLLA implants could still be found several years after 
implantation. Bergsma et el.''^ found implant remnants 
up to 5.7 years after stabilization of midface fractures 
with PLLA plates and screws.** Bostman et al.''^ 
described the necessity of partial implant removal up 
to 45 months after stabilization of ankle fractures with 
highly crystalline self-reinforced PLLA screws. The 
occurrence of late hydrolytic degradation may depend 
on the degree of the material's crystallinity. Twelve 
months after implantation of self-reinforced PGA rods, 
Weiler et al.''* found an absence of birefringent mate- 



rial at the implant site, but crystalline PGA remnants 
were detected in lymph nodes for up to 24 months after 
implantation (Fig 1). At rearthroscopy, Stahelin et al.^* 
found bulky remnants of a highly crystalline PLLA 
interference screw 20 months after implantation (Fig 
2). These reports suggest that a complete degradation 
of highly crystalline, so-called biodegradable, im- 
plants does not occur within an appropriate time. To 
monitor the complete degradation process of synthetic 
biodegradable implants in bone tissue, Pistner et al.*'' 
introduced a scheme of 5 phases of degradation 
(Table 1). 




Figure 2. Bulky fragments of a lughly crystalline PLLA mterter- 
ence screw 20 months after implantation compared with a nonused 
specimen. (Reprinted with permission.") 
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Table 1 . Phases of Degradation ofAinoiphous Biodegradable Implants and Tissue Reactions According to Pistner et al.^^ 
Phase Tissue Reaction 



1. Healing phase 

2. Latency phase 

3. Protracted resorptive 



Unchanged implant, development of a fibrous capsule with a high amount of fibroblasts 
Unchanged implant, fibrous capsule gets thinner with less cells and more fibers or direct implant contact to bone 
Mainly central degradation of the implant, development of cracks, mild to moderate cellular response with inva- 
sion of macrophages and foreign-body giant cells 
Progressive disintegration of the implant with a severe tissue response (macrophages, foreign-body giant cells) 



No polymer 



detectable, development of scar tissue oi 



IS replacement of the former implant site 



OSSEOUS REPLACEMENT 

A major intent of biodegradable implants is com- 
plete tissue replacement at the former implant site. 
Although an early replacement with fibrous granula- 
tion tissue takes place during degradation,''^'''*-^^ less is 
known about the long-term fate of the former implant 
site and its osseous replacement. Although a complete 
osseous replacement has been anticipated for all 
biodegradable implants, it has not yet been shown 
either experimentally or clinically in most cases. To 
facilitate uncompromised revision surgery, a complete 
osseous replacement should occur within a 2- to 3-year 
time frame to allow for a second interference fit or tack 
fixation as, for example, in cruciate ligament and 
shoulder revision surgery. 

The osteogenic reaction of the host tissue starts 
early after implantation of the polymeric material and 
shows an osseous enclosure within the first few 
weeks^''^^ (Fig 3). During or following implant degra- 



dation, osseous replacement may follow 3 dififerent 

patterns: 

7. There is osseous ingrowth while the implant is 
degrading (Fig 4). This phenomenon is most desir- 
able but has rarely been foimd. To our knowledge, it 
has only been reported to occur during the degrada- 
tion of PLLA-co-PDLLA (70:30) or self-reinforced 
PLLA/PDLLA composite rods.^o-si 

2. There is osseous ingrowth in the center of the 
former implant site after the implant is degraded 
(Figs 5 and 6)^^ 

3. There is an osseous scaring of the former implant 
site with a slow marginal ingrowth of new bone 
(Fig 7). This kind of replacement has been found in 
cases after an osteolytic lesion has occurred and 
may progress over several months or years."*^ 

In general, it is reasonable to asstune that the faster a 
material degrades, the earlier the osseous replacement 



Figure 3. Tissue-implant in- 
terface 6 weeks after implanta- 
tion of a PDLLA interference 
screw in a sheep femui'. Poly- 
chrome sequential labeling 
shows activity of the early given 
fluorochronies (calcein green 
given at 4 weeks and xylenol 
orange at 6 weeks) indicating 
the early osseous enclosure of 
the implant (S, screw thread- 
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Figure 4. Bone trabeculae 
growing into a PLLA-co- 
PDLLA pin 15 montiis after 
intramedullary implantation in 




takes place (Figs 8 and 9)?^'^^ Materials such as 
PDLLA-co-PGA, PLLA-co-PDLLA, or PDLLA are 
considered to degrade faster compared with PLLA 
implants, for which the degradation process has been 
described to last for several years.""*-"-^* To our knowl- 
edge, no single report has shown complete osseous 
replacement of a PLLA implant in a clinical or 
experimental setup (Figs 10 and 11). Several experi- 



mental studies have been perfomied to investigate 
tissue response and tissue replacement after implanta- 
tion of PLLA material into bone.27.''9.52,53,57 Unfortu- 
nately, their follow-up of 48 to 52 weeks was inappro- 
priate to evaluate either tissue response or tissue 
replacement, because little or no signs of material 
degradation had taken place. Gatzka at al.^^ followed a 
series of patients after stabilization of ankle fractures 




Figure 5. New bone trabecu- 
lae growing in the center of the 
former implant site 6 months 
after implantation of self-rein- 
forced PGA pins in a sheep 
distal femur. The tetracycline 
fluorescence (black arrows) in- 
dicates the osseous activity. 
There are implant remnants left 
(white arrows). (Reprinted with 
pennission.''*) 
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Figure 6. CT scan showing severe osseous sclerosis of an 
implant site 18 months after metaphyseal implantation of PLLA- 
co-PDLLA pms m a sheep. 



with high molecular-weight PLLA screws. ^'^ In a study 
of MRI scans, they found that no osseous replacement 
of the implant had occunred up to 6 years after 
implantation (Fig 10). Pistner et al.'*^ studied the 
intraosseous long-term fate of injection-molded PLLA 
and PLLA-co-PDLLA screws inserted m the femur of 



guinea pigs. After implantation of 150 weeks, they 
found that osseous replacement of the former implant 
site had occurred and, therefore, stated that amorphous 
polylactides are fully biodegradable materials. How- 
ever, even for faster-degrading iinplants, the process of 
osseous replacement may require several years if there 
has been evidence of an osteolytic lesion during the 
final stage of degradation (Fig 12). 



BIOCOMPATIBILITYAND CLINICAL 
CLASSIFICATION OF TISSUE RESPONSE 

Since the mid 1960s, many studies have been 
performed to evaluate the suitability of various syn- 
thetic biodegradable polymers. Prompted by the re- 
sults arising out of these investigations, biodegradable 
implants for various orthopaedic procedvires have been 
introduced. However, the biocompatibility of these 
materials is still controversial. 

The degradation process and tissue response have 
been documented by many authors. These studies 
show that biodegradable poly-ct-hydroxy acids cause 
mild, nonspecific tissue response with fibroblast activa- 
tion and the invasion of macrophages, multinucleated 
foreign-body giant cells, and neutrophilic polymorpho- 
nuclear leukocytes during their final stage of degrada- 
tion.'*''-''8-5'-".5v-62 -piie initial euphoria arising out of 
excellent clinical results was abated by the first reports 
of foreign-body reactions with biodegradable implants 
m fracture treatment. In 1987, Bostman et al.*^ re- 




ported a sterile sinus formation after the use of PGA 
rods in ankle fractures. Since then, other reports have 
shown that foreign-body reactions to PGA implants 
occurred in varying degrees of severity ranging from 
mild osteolytic changes to intense granulomatous 
inflammatory soft-tissue lesions necessitating surgical 
intervention.'**'^'*-^^ This reported intensive inflamma- 
tory tissue response was associated with the use of 
highly crystalline self-reinforced PGA implants, which 
consequently led to a decrease in their clinical use. 
However, these experiences led to deep concerns about 
the suitability of biodegradable implants in orthopae- 
dic surgery. 

Many different biodegradable polymers are cur- 
rently available with better biocompatibihty, such as 
PDS, PLLA including its stereocopolymers and copoly- 
mers, and some PGA copolymers. Because many 
factors contribute to biocompatibility and many differ- 
ent polymers are increasingly implanted, it is essential 



to have standards to compare the tissue response in 
experimental or clinical studies and to discuss these 
reactions strictly individualized for the different mate- 
rials. Literature reviews on tissue reactions to PGA 
implants have highlighted the problem of the inability 
to compare results because of the lack of a well- 
defined classification system. '^■''^ Therefore, we sug- 
gest a standardized classification system based on our 
previous investigations and clinical experi- 
ences.*^-^'-^^-*'''"' Such a tool may enable us to gain 
more standardized information on the incidence and 
severity of tissue reactions in relation to the choice of 
polymer, implant design, or anatomic location. 

Foreign-body reactions to biodegradable implants 
should be divided into osseous, extra-articular, and 
intra-articular synovial inflammatory soft-tissue re- 
sponses. In each group, tissue responses are differenti- 
ated into 4 groups according to the severity of radiologi- 
cal and clinical findings. 
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Figure 10. MRI 6.5 years after stabilization of a fiacture of the 
medial malleolus with PLLA screws. There are no signs of an 
osseous replacement, but the hypointense signal mdicates the 
degradation. 




Figure 11. Arthroscopic view of the femoral fixation site of a 
patellar tendon graft 30 months after the use of a PLLA interference 
screw. Grossly, there aie no signs of osseous ingrowth and the 
threading imprint is still visible. 



24 months after implantation of a PGA pin in 
distal sheep femur. There is still a moderate osteolytic lesion with 
signs of new bone formation, although the implant site contained 
no PGA material after 6 months. (Reprinted with pennission.''*) 

Osteolysis 

The first reaction at the implant site consists of bone 
resorption stimulated by the byproducts released dur- 
ing the degradation, and this is visible as radiolucen- 
cies on plain radiographs and computed tomography 
(CT) scans (Table 2). MRI scans are often appropriate 
to measure these lesions, but interpretation of findings 
may be difficult because of the reactive surrounding 
zone accompanying the fiboal implant degradation.'" 
Radiolucencies vary firom mild osteolytic changes at 
the implant site to cystic-like extended resorption 
cavities (Fig 13 A). Mild osteolytic changes probably 
have no effect on fracture healing, soft-tissue fixation, 
or the static properties of the bone.'"-''^ However, if 
these changes exceed a certain level, they are likely to 
interfere with fracture healing (Fig l2>By^ or graft 
fixation. The predictable osteolytic reaction described 
for PGA implants'**'^5,68,74-77 jj^g ^i^^ observed to 
be associated with the use of PLLA, PDLLA-co-PGA, 
PGA-co-TMC, and PLLA stereocopolymers, although 
with a lower incidence and intensity.^' ''^-so 

Extra-articular Soft-Tissue Reactions 

If the material is appHed extra-articularly in soft tissue or 
in canceUous bone of the mete^hysis, such as wrist or 
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Table 2. 


Classification of Osteolysis (O) According to Hoffmann et al. and Weiler et a/.^''-^* 


Osteolysis 


Radiological Findings 


O-O None 
0-1 Mild 

0-2 Moderate 

0-3 Severe 

0-4 Disturbed healing 


No osteolj'tic changes visible 

Osteolytic changes at the implant site (osteolysis 1 mm or larger than implant diameter) 
Cystic-like extended osteolysis (osteolysis 3 mm or larger than implant diameter, Fig 13A) 
Confluence of osteolysis into a resorption cavity (if more than 1 implant is used) 

Fracture displacement, fragment sequestration, or healing failure of soft tissue due to osteolysis (Fig I3B) 



ankle fractures or the tibial interference screw in anterior 
cruciate ligament reconstruction, tlie debris accumulated at 
the implant site during degradation could be expelled into 
the surrounding soft tissue (Table 3, Fig 14). This can be 
followed by a progressive itiflammatory response, manifest- 
ing as a subcutaneous soft-tissue induration or a fluctu- 
ant swelling that may perforate the skin and form a 
sinus (Fig 15). The incidence depends on the anatomic 
location and ranges from 4% to 14.6% in ankle 



fractures and from 22.5% to 40% in wrist fractures if 
self-reinforced PGA implants are used.*^-*^ '''^-^' These 
reactions have also been observed with a much lower 
incidence and intensity for PDS or PLLA im- 



Intra-articular Synovial Reactions 

The intra-articular biocompatibility is of special 
interest in the field of operative sports medicine 





Figure 13. (A) Cystically extended resoiption cavities (0-2) 12 weeks after osteochondral fragment fixation in a sheep with self-reinforced 
PGA pins. (Reprinted with pennission.''*) (B) Fracture sequestration (0-4) after stabilization of a multifragmentary radial head fi-acture with 
PLLA pins. The fracture situation has been considered to be unstable, and osteolyses occurred 6 months after surgery, although final material 
j„„ — ;„ expected to occur later. 
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Table 3. Classification and Treatment of Extra-articular Soft-Tissue Reactions (EA) According to Hoffina 
Extra-articular Soft-Tissue Reactions 



EA-0 None 

EA-I Mild 

EA-2 Moderate 

EA-3 Severe 

EA-4 Bacterial superinfection 



No or subclinical reaction 
Local, mild soft-tissue induration; r 
Fluctuant swelling, fluid accumulation (ultrasound), local wannth, reddening, swelling, pain; 

single or repetitive puncture necessary (Fig 15 A) 
Spontaneous discharge of sinus, priinary sterile, secondaiy possible bacterial contamination; 

debridement and open wound treatment (Fig 15B) 
Deep soft-tissue/bone infection following EA-2 or EA-3; extensive and repetitive debridement 



because most implants are applied intra-articularly, 
such as sutures or tacks for meniscus or labrum repair, 
or the implant site may be connected with the joint 
space as in the case of interference screws or suture 
anchors (Table 4). Whereas osteolysis and extra- 
articular reactions are associated with the final stage of 
implant degradation, an inflammatory intra-articular 
response may also be associated with loosened frag- 
ments or wear debris released before implant degrada- 
tion. This has been shown for the knee and shoulder 
joint^^'*'' and may occur principally with tacks for 
labrum or meniscus repair. As soon as a connection 
between the implant site and the joint space exists, the 
synovial membrane can come into contact with the 
polymeric debris at the time of final degradation (Fig 
16). Barfbd and Svendsen** and Friden and Rydholm^^ 
reported cases of severe synovitis following intra- 
articular use of crystalline self-reinforced PGA rods. In 
these cases, crystalline polymeric debris surrounded 
by foreign-body giant cells could be identified as the 



cause. Recent reports describe a high incidence of loss 
of motion with synovial adhesions attributable to the 
inflammatory response afl:er the use of PGA-co-TMC 
tacks in the shoulder joint.^'-'"-'- Intra-articular syno- 
vial reactions vary firom mild joint effusions to severe 
synovitis with the necessity of surgical intervention 
(Table 4).. 

As compromised biocompatibility is most com- 
monly detected in the latter stages of implant decompo- 
sition, it is well accepted that the degradation byprod- 
ucts are responsible for tissue reactions. Consequently, . 
this implies that a large amount of byproducts being 
released per time unit from the implant cannot be 
adequately handled by the clearing capacity of the 
sun-ounding tissue. This mainly depends on the degra- 
dation kinetics of the implant. This process can last up 
to several years and influences the time schedule for 
experimental or clinical follow-up studies. Maximum 
extent of foreign-body reactions associated with PGA 
implants should occur approximately 12 weeks after 



Figure 14. Histology of the 
discharge after a sterile sinus 
fomiation shows leukocytes and 
foreign-body giant ceUs sur- 
rounding the birefnngent PGA 
particles (polarized light). 
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Figure 15. (A) Subcutaneous fluctuant swelling (EA-2) after reduction of a Rockwood type V acromioclavicular joint separation with a PDS 
band. (B) Spontaneous discharge of debris (EA-3) after stabilization of a wrist fracture with self-reinforced PGA rods (Reprinted with 
pemiission.«' Copyi-ight 1 997 by Springer- Verlag.) 



surgery.''^'^'' Those accompanied with PDS, PGA- 
co-TMC, or PDLLA-co-PGA may occur between 8 
and 24 weeks after implantation. With the few reported 
cases of foreign-body reactions associated with PLLA 
or PLLA-co-PDLLA implants, they may occur be- 
tween 1 and 2 years at the earliest but normally occur 
later, depending on implant processing techniques, 
stereocopolymer composition, implant design, and 
molecular weight.^' -^^.sws 

As for soft-tissue reactions, it is reasonable to 
assume that fast accumulation of implant fragments or 
low molecular-weight byproducts cannot be handled 
adequately by the clearing capacity of the tissue, 
represented by macrophages and polymorphonuclear 
leukocytes. Therefore, soft-tissue reactions are mostly 
associated with fast-degrading implants, such as those 
composed of PGA. However, they may also be ob- 
served for PLLA if the implant volume exceeds a 



certain level and the local clearmg capacity of the 
tissue is overloaded. 

It is known that debris of degradable or nondegrad- 
able materials, such as polyethylene or polymethyl- 
methacrylate, leads to an inflammatory tissue response 
if the particles get phagocytosed by macro- 
phages. '^'^^■''•''^ In addition, macrophage activation 
leads to bone resorption via mediator release, which 
results m osteoclast activation.^^ '^ This may account 
for the appearance of osteolytic changes with the use 
of biodegradable implants, because maximum macro- 
phage accumulation at the tissue-implant interface 
correlates with the maximum expansion of osteolysis, 
as it has been described for PGA implants.''^-" 

As an important factor, there are several reports that 
the local decrease in pH at the implant site during the 
degradation is 1 of the main reasons for the inflaimna- 
toiy tissue response.'^-"" On the contrary, in a recent 



Table 4. Classification and Treatment of lntra-articular Synovial Reactions (lA) According to Hoffmann et al.^^ 
Intra-articular Synovial Reactions Symptoms/Findings/Treatment 



IA-2 Moderate 



IA-3 Severe 



No or subclinical reaction 

Mild (sterile) joint effusion, no additional local or systemic signs of inflamanation, single need for punc- 
ture, foreign-body giant cells, round cells, or implant remnants in puncture fluid or synovial membrane 

Significant (sterile) joint efiusion, no other additional local or systemic signs of inflammation, need for 
recurrent puncture, foreign-body giant cells, round cells, or implant remnants in puncture fluid or syno- 
vial membrane; administration of nonsteroidal anti-inflanimatory drugs, partial weight-bearing until 
disappearance of symptoms 

Significant (sterile) joint effusion with local signs of inflammation (pain, reddening, wamith), need for 
recurrent punction or surgical revision (e.g., arthroscopic synovectomy), foreign-body giant cells, 
round cells, or implant remnante in puncture fluid or synovial membrane 

IA-1 to lA-3 and positive microbiological examination, arthroscopic or open debridement with lavage 
and synovectomy 



IA-4 Bacterial superinfectior 
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Figure 16. Synovium of a patient at reartliroscopy 30 months 
after implantation of a highly crystalhne PLLA interference screw. 
There are birefringent implant remnants, although the implant site 
grossly showed no material remaining (see Fig 11), 



Study, Ignatius and Claes'^^ were able to show that the 
accumulation of PLLA-co-PDLLA or PLLA-co-PGA 
degradation products itself may reduce growth in cell 
culture. The toxic influence was dependent on a high 
concentration of degradation products after pH adjust- 
ment. 

It is reasonable to assume that a protracted degrada- 
tion is of primary importance in increasing the biocom- 
patibility of a biodegradable implant, especially with 
regard to the soft-tissue response. But even slow- 
degrading and amorphous polymers may provoke 
osteolytic changes if there is insufficient drainage of 
byproducts in the surrounding tissues or when the 
cellular dealing capacity may be overloaded. 

However, other factors appear to contribute to 
biocompatibility. Matlaga, et al.'^^ ^nd Lam et al.'"'' 
showed that even the implant shape affects the inten- 
sity of an inflammatory response using degradable and 
nondegradable polymers. This has largely been dis- 
cussed for the self-reinforcement of PGA implants but 
has not yet been proved. Additionally, mechanical 
instability at the implant site may accelerate degrada- 
tion and may consequently lead to a higher amount of 
degradation products being released per unit of time, 
thus possibly increasing the host-tissue response. Fur- 
thermore, the crystallinity of a biodegradable implant, 
which prevents late hydrolytic degradation, can result 
in a foreign-body reaction. '•^■'"^■"^ Thus, use of materi- 
als with low crystallinity has been advocated for 
medical purposes.'*^' 

Synovial reactions are associated with the release of 
implant fragments into the joint space. This rare but 
severe comphcation was observed with the use of 



PGA, PGA-co-TMC, or PLLA implants in the knee 
and shoulder joints.39-46.86.8s-92,i08,i09 ji^^ specific syno- 
vial reaction to polymeric particles also occurred with 
a high incidence using artificial nondegradable liga- 
ments for cruciate ligament reconstruction.""-""* Liga- 
ment wear particles were identified as the cause,"^-"'' 
and recent clinical observations and an experimental 
study have shown that these wear particles are depos- 
ited in the draining lymph nodes. "^-"^ This phenom- 
enon has also been described for crystalline PGA and 
PLLA implants, which suggests that only incomplete 
degradation of highly crystalline materials occurs'**''-" 
(Fig 1). Future studies should take into consideration 
the fact that crystalline implant remnants may provoke 
late synovial reactions; for example, if highly crystal- 
line PGA, PLLA, or PGA-co-TMC implants, such as 
tacks and pins for labrum and meniscus repair, are 
used intra-articularly. The fatal long-term results of 
these reactions afler stabilization of ankle fi^actures 
with PGA rods has recenfly been described.'"* Bost- 
man'"* reported the development of a moderate to 
severe osteoarthritis of the ankle that occurred 36 to 
109 months after surgery in 10 of 74 patients who had 
previous inflammatory soft-tissue reactions. He con- 
cluded that the joint damage seemed to be caused by 
polymeric debris entering the articular cavity through 
an osteolytic lesion. 

CONCLUSION 

The use of biodegradable implants offers distinct 
advantages in the field of operative spoils medicine. 
Thus, research and development of biodegradable 
implants should be given high priority. The research on 
these devices should be encouraged by the will to 
define and solve problems and to find technical 
solutions, rather than driven by the desire for quick 
results. 

Concerns about the poor biocompatibility of self- 
reinforced PGA implants do not necessarily apply to 
other materials with an appropriate tissue response. 
Biocompatibility depends on a large variety of factors. 
Therefore, each biodegradable implant should be tested 
regarding its inti-aosseous, soft-tissue, and intra- 
articular biocompatibility, and discussion of the results 
should be strictly individuali2ed for each of the 
different polymers, copolymers, and stereocopoly- 
mers. Furthermore, in vivo long-term studies are 
necessary, with follow-up until implant remnants have 
disappeared and an osseous replacement has taken 
place. To gain more information on biocompatibility 
according to the specific choice on polymer and 
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implantation site, the clinical use of biodegradable 
implants is recommended to be performed under study 
conditions, and all results concerning tissue response 
should be evaluated with a standardized classification 
system. 
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Bioabsorbable Polyglyconate Interference Screw Fixation in 
Anterior Cruciate Ligament Reconstruction: A Prospective 
Computed Tomography-Controlled Study 

Christian Fink, M.D., Karl P. Benedetto, M.D., Wolfgang Hackl, M.D., Christian Hoser, M.D., 
Martin C. Freund, M.D., and Michael Rieger, M.D. 



Purpose: It was the purpose of the study to evaluate a new polyglyconate bioabsorbable interference 
screw for graft fixation in anterior cruciate ligament (ACL) reconstruction. Type of Study: 
Prospective randomized. Materials and Methods: Forty patients who underwent endoscopic ACL 
reconstruction were included in the study and randomized intraoperatively. Group A consisted of 20 
patients (6 women, 14 men; mean age, 29.6 years) who had femoral bone block fixation with a 
bioabsorbable interference screw and tibial fixation with a titanium interference screw. Group B 
included 20 patients (5 women, 15 men; mean age 29.6 years) who had fixation of both femoral and 
tibial bone blocks with titanium interference screws. There was no significant difference between the 
groups with regard to age, gender, height, weight, time from injury to surgery, activity level, and 
concomitant injuries. Results: Clinical results (using IKDC, Lysholm, Tegner scores) of the 2 groups 
as well as instrumented laxity measurements (KT-1000) did not show significant (P > .05) differences 
at any stage of follow-up. No complications with respect to graft fixation could be found. Computed 
tomography scans, performed within the first postoperative week, at 6 weeks, and at 3, 6, 12, and 24 
months postoperatively revealed a uniform picture for all patients within the groups, showing 
completed screw degradation at 12 months in group A. Conclusion: Polyglyconate interference screw 
fixation for patellar tendon grafts has not been found to be associated with increased clinical 
complications or significant osteolysis. It provided equivalent fixation and clinical results compared 
with titanium screws. However, replacement of the screw with bone did not take place for up to 3 
years postoperatively. Key Words: ACL reconstruction— Bioabsorbable interference screw— 
Polyglyconate. 



Interference screw fixation for securing bone- 
patellar tendon-bone grafts in anterior cruciate 
ligament (ACL) reconstruction remains the most fre- 
quently used technique.' It provides high initial fixa- 
tion strength and promotes early osseous integration 
by applying compressive forces to the cancellous bone 
plugs within the bony tunnels.^-^ To overcome some of 
the potential problems of metal interference screws. 



From the University Hospital for Traumatology (C.F., K.P.B., 
W.H., C.H.), and the Department of Radiology I, University 
Hospital Innsbruck (M.C.F., M.R.), Innsbruck, Austria. 

Address correspondence and reprint requests to Christian Fink, 
M.D., University Klinik far Unfallchirurgie. Anichstra^ 35. 6020 
Innsbruck, Austria. E-mail: Christian.Fink@uibk.ac.at 

© 2000 by the Arthroscopy Association of North America 

0749-8063/00/1605-23 16$3.00/0 

doi: 10. 1053/jars.2000.4633 



such as hardware removal during revision surgery and 
distorted postoperative magnetic resonance imaging 
(MRI) evaluation, bioabsorbable screws of various 
types and materials have recently been introduced for 
ACL reconstruction surgery. '-''-^ 

Despite favorable reports'-'-" on bioabsorbable im- 
plants for various applications in orthopaedic surgery, 
their use has also been found to be associated with 
reduced fixation strength, osteolysis, resorption, and 
inflammatory response. '^"'^ The biocompatibility and 
in vivo degradation behavior of these materials depend 
on the type of polymers used. Although a variety of 
polymers have been investigated, most implants now 
are made of either polylactic acid (PLA), polyglycolic 
acid (PGA), or various copolymers wifli PGA and 
PLA. 
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A cannulated tack made of polyglyconate, a copoly- 
mer of PGA and trimethylene carbonate (TMC), has 
been widely used for arthroscopic Bankart repair in the 
shoulder with good results,'-" but there have been 
some reports of adverse reactions.''*'" Because in vivo 
behavior and the number of adverse reactions were 
also found to be dependent on the implant design as 
well as on the anatomic location,^'^" it is necessary that 
biodegradable fixation devices are tested in the pro- 
posed environment. Thus, it was the purpose of this 
study to evaluate the efHcacy of a new polyglyconate 
bioabsorbable interference screw for patellar tendon 
graft fixation and compare it with commonly used 
metal screws. 



MATERIALS AND METHODS 

A prospective randomized study design approved by 
the ethical committee of the University of Innsbruck 
was conducted. Patients who sustained a knee injury 
were included in the study if they had closed growth 
plates, unilateral anterior laxity confirmed clmically 
and with MRJ, no previous knee ligament surgery, and 
the willingness to follow the study protocol. 

When recruited to the study, preoperative assess- 
ment included patients' history, clinical examination, 
KT-1000 measurements,^' and radiographs. All data 
were obtained according to IKDC,^^ Lysholm,^^ and 
Tegner^-* scores. The same 2 surgeons using an endo- 
scopic single-incision technique^^-^* performed the 
ACL reconstruction in all patients. The mode of 
femoral fixation (bioabsorbable or metal screw) was 
determined at the start of each procedure by opening a 
sealed envelope. The cannulated bioabsorbable screw 
used (EndoFix absorbable interference screw; Smith & 
Nephew Endoscopy, Andover, MA) is molded fix>m 
polyglyconate, a copolymer PGA/TMC. The material 
is identical to that used for the Suretac shoulder 
fixation device (Smith & Nephew)." The length of 
each screw was 25 mm and the diameter 7 mm. The 
metallic screws used in the study were manufactured 
from titanium (CannuFlex interference screw. Smith & 
Nephew), with a length of 20 mm and a diameter of 7 
mm (Fig 1). 

There were 40 patients included in the study. Group 
A consisted of 20 patients (6 women and 14 men; age 
26.8 ± 4.6 years) who had femoral bone block fixation 
with a bioabsorbable interference screw and tibial 
bone block fixation with a titanium screw. Group B 
included 20 patients (5 women and 15 men; age 
29.6 ± 6.2 years) who had fixation of both femoral and 
tibial bone blocks with titanium interference screws. 




Figure 1. EndoFix and CannuFlex screws. 



There was no significant difference between the groups 
with regard to age, sex, height, weight, time from 
injury to surgery, activity level, and concomitant 
injuries. 

Operative Technique 

After harvesting the central one third of the patellar 
tendon as a bone-patellar tendon-bone graft through a 
curved 5-cm anterior incision, arthroscopy was per- 
formed using the standard anteromedial and anterolat- 
eral portals. After treating meniscal or chondral pathol- 
ogy, ACL remnants were removed and a minimal 
notchplasty performed. With a tibial drill guide, the 
guidewire was placed in the posterior part of the ACL 
stump and then over-reamed 9 or 10 mm. The femoral 
guidewure was than placed through the tibial tunnel in 
the proximal ACL insertion area. A cannulated reamer 
1 mm smaller than the tibial reamer (8 or 9 mm) was 
used to create a tunnel to a depth of 3 cm. A 2.4-mm 
wire with a slot at the end was then inserted through 
the tibial tunnel, across the joint and the femoral 
tunnel, and perforating the skin at the anterolateral 
thigh. The bone blocks of the graft were prepared to 
the appropriate size and had heavy lead sutures. The 
sutures were passed through the guidewire eyelid and 
the graft was advanced into the joint. Once in an 
optimal position, the proximal bone block was fixed 
either with a cannulated titaniimi interference screw 
(group B) or with a bioabsorbable screw (group A). 
Before insertion of the bioabsorbable screw in group 
A, it was necessary to pretap the screw path with a 
cannulated tap. For graft pretensioning, the knee was 
moved through a fiill range of motion about 20 times 
and then the distal bone block fixed with 7- X 20-mm 
titaniimi screws in all cases. 
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Table 1. Lysholm Score: 100 Points Maximum 

Preoperative 3 Months 6 Months 12 Months 24 Months 

Group A 60.6 + 15.6 90.9 ± 5.5 95.8 ± 3.7 97.6 ± 2.7 98.1 +2.3 

Gmup B 55.0 + 16.8 93.3 + 3.6 96.4 ± 3.3 97.3 + 2.1 97.7 + 3.0 



Postoperative Protocol 

The postoperative rehabilitation protocol was identi- 
cal for the 2 groups. A continuous passive motion 
machine was used for the first 2 days followed by 
mobilization with full weight bearing. A hinged knee 
brace (0°/0°/90°) was used for 5 weeks. The patients 
were discharged from the hospital on day 4 and 
attended outpatient physiotherapy 3 to 4 times a week 
for a period of 2 months. 

Follow-up Evaluation 

The patients were evaluated subjectively and clini- 
cally according to the IKDC,^^ Lyshohn,^^ and Tegner 
scores^* at 3 months (range, 2 to 4), 6 months (range, 5 
to 7), 12 months (range, 10 to 13), and 24 months 
(range, 22 to 26) postoperatively. In addition, KT- 
1000^' measurements were carried out at each fol- 
low-up visit. 

In order to exactly monitor the bone-screw interac- 
tion at the femoral fixation site, computed tomography 
(CT) scans of the reconstructed knee were performed 
within the first postoperative week (between days 2 
and 5), at 6 weeks (range, 5 to 7), and at 3 months 
(range, 2 to 4), 6 months (range, 5 to 7), 12 months 
(range, 11 to 14), and 24 months (range, 23 to 27) 
postoperatively. Additionally, in 4 patients, a CT scan 
was performed at 36 months (range, 34 to 39). 
Spiral-CT technology (HiSpeed CT/I; GE Medical 
Systems, Milwaukee, WI) with helical axial acquisi- 
tion in 1-mm sections and pitch 2 was used. Secondary 
sagittal and coronal reconstructions were obtained, 
and the CT images were evaluated by 2 experienced 
radiologists. 

In group A, 2 patients were lost to follow-up 
between 3 and 6 months postoperatively because they 
moved abroad; 18 patients completed the study. In 
group B, 1 patient withdrew from of the study 
immediately postoperatively and 1 patient sustained a 
cervical spine injury and became paraplegic between 



the 12- and 24-month follow-up; 18 patients com- 
pleted the study. 

Statistics 

A 2-factor analysis of variance with repeated mea- 
sures as well as a 2-tailed t test were used for statistical 
analyses. 



RESULTS 

Complications 

There were 2 complications. In a patient in group B, 
there was a deep infection that healed after arthro- 
scopic irrigation and antibiotic treatment. In group A, a 
patient sustained an intraoperative patellar fracture 
during graft harvest that was fixed with 2 small- 
fragment AO screws. It healed without further prob- 
lems. No complication related to graft fixation oc- 
curred. 

Injuries 

There were no reinjuries between the initial opera- 
tion and the final follow-up. 

Clinical Results 

Clinical results represented by Lysholm (Table 1), 
Tegner (Table 2), and IKDC scores (Table 3), as well 
as instrumented laxity measurements (Table 4), did not 
show any significant (P < .05) differences preopera- 
tively and at any stage of follow-up between the 2 
groups. 

CT Imaging 

Two years postoperatively, 17 complete CT series in 
each group were available for analysis (in group A, 1 
patient became pregnant 6 months postoperatively and 
withdrew, and in group B, 1 patient refused further CT 
scans after the second scan). The evaluation of the CT 



Table 2. Tegner Score: 10 Points Maximum 





Preinjury 


Preoperative 


3 Months 


6 Months 


12 Months 


24 Months 


Group A 


8.0 ± 0.8 


1.9 + 1.0 


5.3 ± 1.2 


6.7 ± 1.1 


7.1 ± 1.0 


7.4+ I.l 




8.0 ± I.O 


1.5 ± 1.0 


5.9 ± 1.3 


7.1 + 1.3 


7.1 ± 0.9 


7.5 ± 0.8 
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A 

(Normal) 


B 

(Nearly Normal) 


C 

(Abnormal) 


D 

(Severely Abnormal) 


Preoperative 










Group A 


0% 


0% . 


35.0% 


65.0% 


Group B 


0% 


0% 


31.6% 


68.4% 


24 Months 










Group A 


5.6% 


88.9% 


5.6% 


0% 


Group B 


11.1% 


77.8% 


11.1% 


0% 



scans revealed a uniform picture for all patients within 
the groups. 

Group A: Bone block and polyglyconate screw 
could be clearly differentiated 1 and 6 weeks after 
surgery (Figs 2A, B and 3A, B). At 6 weeks, a thin 
radiolucent line developed between the screw and the 
bone block. Around the screw, a sclerotic rim was 
starting to form. The bone block itself showed signs of 
beginning ingrowth (Figs 2B and 3B). At 3 months, 
there was radiologic evidence of bone block incorpora- 
tion in all patients. The sclerotic rim around the screw 
increased in density and magnitude. The outline of the 
absorbable screw was starting to fade (Figs 2C and 
3C). At 6 months, minimal screw remnants could be 
detected. The sclerotic rim was about 2 mm wide (Figs 
2D and 3D). At 1 year, the screw was no longer visible. 
No further expansion of the initial screw area could be 
detected; however, no bony replacement of the screw 
took place either for up to 2 years (Figs 2E, F and 
3E, F). 

Tissue-density measurements in the screw cavity 
(Fig 4) were taken at all time intervals. Immediately 
postoperatively and at 6 weeks, the value was 240.6 ± 
10.5 Hounsfield units (HU) and 220.6 ± 13.5 HU, 
which is almost equivalent to the density values of the 
original screw (-240 HU). A significant (P < .05) 
decrease in density appeared between 6 weeks and 3 
months (220.6 to 180.7 ± 8.9 HU), between 3 and 6 
months (180.7 to 131.2 ± 16.2 HU), and between 6 
and 12 months (131.2 to 84.4 ± 9.5 HU). After 12 
months, tissue density did not change significantly. At 
24 months, it revealed a value of 77.4 ± 10.3 HU, 
which is equivalent to granulation/soft tissue. Density 



of the trabecular bone of the femoral condyles at this 
time measured an average of 29 1 . 1 ±7.2 HU. 

Four patients had a 3-year follow-up CT examina- 
tion. No replacement of the screw with bone could be 
found. Tissue density in the screw cavity was 78.4 ± 
9.6 HU. 

Group B: Similar to group A, evidence of bone 
block ingrowth was present in all patients at 3 months. 
After that, no fiirther radiologic changes took place for 
up to 2 years (Fig 5). 



DISCUSSION 

There are only 2 studies'-* that compare the outcome 
of metal versus bioabsorbable screw designs. In both 
studies, however, implants made of PLA were used. In 
a prospective study. Barber et al.' reviewed 42 patients 
in whom the Bioscrew (Linvatec, Largo, FL) and 43 
patients in whom a metal interference screw was used 
for graft fixation in autologous patellar tendon ACL 
reconstruction at a minimum follow-up of 12 months. 
They did not find statistically significant differences 
between the groups regarding complications or clinical 
or subjective parameters. No lytic bone changes or 
tunnel widening were detected on radiographs. How- 
ever, they did report a 7% rate of screw breakage on 
the femoral side during insertion. They foimd that this 
was related to the screw diameter (only with the 7-mm 
screws) as well as to the insertion technique. In the 
study of Marti et al.^ using a PLA screw fix)m a 
difterent manufacturer (Bio-Interference screw; Ar- 
threx, Naples, FL), screw breakage on the femoral side 



Table 4. KT-1000 (89 Newton) 





Preoperative 


3 Months 


6 Months 


12 Months 


24 Months 


Group A 
Group B 


4.9 ± 1.3 
5.3 ± 0.9 


1.5 ± 0.6 

1.6 ±0.6 


1.6 + 0.9 
1.8 ± 0.6 


1.5 ± 0.9 
1.7 ± 0.9 


1.5 + 0.8 

1.6 ± 0.8 



NOTE. Values in millimeters, injured — uninjured. 
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FiGUKE 2. Example 1 of patient in group A (bioabsorbable screw). (A) Within the first postoperative week, (B) 6 weeks postopaatively, (C) 3 
mondis postoperatively, P) 6 monttis postoperatively, (E) 12 months postoperatively, and (F) 24 months postoperatively. 



occurred in 3 of 3 1 patients (9.7%). They also found 
comparable clinical results between the 2 groups at 
short-term follow-up. The problem of screw breakage 
using these PLA implants can partially be attributed to 
the crystalline nature of this polymer. As a result of 
design modifications and better guidelines for inser- 
tion, this complication could be limited.' We did not 
have any such problems with the polyglyconate screws 
used in our study. 

Interference screws must serve to hold the bone 
block rigidly in position with sufficient strength for it 
to resist applied loads during early rehabilitation. -^-^^ 
This has to be maintained until the healing tissues can 
carry the loads. Although tiie exact time at which bony 
incorporation occurs in humans is not known, animal 
studies report the time as approximately 4 to 8 



weeks.29-30-32 in the case of bioabsorbable screws, 
holding strength must be maintamed up to this time 
despite degradation of the implant. Initial puUout 
strength in vitro has proved to be sufficient for most 
biodegradable screws.^'^^'^'* The CT images in our 
study showed bone block ingrowth between 6 and 12 
weeks. Because no clinical slippage of the bone blocks 
could be detected, the absorbable screw design used 
was able to provide adequate fixation up to this point. 
Therefore, resorption time of this polyglyconate im- 
plant seemed long enough to serve this purpose. From 
CT imaging and tissue-density measurements in our 
study, it can be concluded that screw absorption was 
completed around 1 year postoperatively. This is in 
accordance with the histologic results for this implant 
in an animal study reported by Walton ind Cam- 




FlGURE 3. Example 2 of patient in group A (bioabsorbable screw). (A) Within tiie first postoperative week, (B) 6 weeks postoperatively, 
(C) 3 months postoperatively, (D) 6 months postoperatively, (E) 12 months postoperatively, and (F) 24 months postoperatively. 
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Figure 4. Regions of interest: (1) trabecular bone of the femur 
and (2) implant cavity. 



eron.^''^2 PLA implants in general have a slower 
degradation timej''^'^^ taking between 2 to 6 years. 
Staehlin et al.^ found loose fragments of a PLLA 
interference screw at a control arthroscopy 20 months 
after implantation. For a bioabsorbable interference 
screw, this seems an unnecessarily long time. 

The process of degradation is associated with the 
release of fragments of various size that are primarily 
phagocytosed by macrophages.^"-^* This can lead to 
cell death with a consequent inflammatory response 
and is dependent on the amount of phagocytosed 
particles. Therefore, a slower rate of degradation may 
increase the biocompatibility by a reduction of poly- 
mer fragments released per unit time. Thus, fast- 



degrading implants (PGA, or PLA/PGA copolymers) 
are associated with a higher degree of adverse reac- 
tions (e.g., nonspecific granulomatous inflammation) 
than the slow-degrading PLA implants. In case of 
intra-articular placement, this could result in the 
cliaical signs of intermittent effusion, synovitis, and 
pain.^-'^'" Edwards et al.'^ reported 5 cases (—5% of 
their patients) of such adverse reactions 8 to 24 months 
after arthroscopic Bankart repair using polyglyconate 
tacks (Suretac). All patients recovered completely 
after an arthroscopic debridement, saline solution 
lavage, and intra-articular steroid injection. Complica- 
tions using PGA rods for fixation of osteochondral 
lesions in the knee resulted in a less favorable out- 
come.'^''^ We could not detect any of these complica- 
tions in our study. Postoperative swelling subsided 
around 2 to 4 weeks after surgery and did not return in 
any patient in either group. One reason for this 
difference might be that biocompatibility is not only 
dependent on the polymer, but also influenced by other 
factors, such as implant shape, its molecular weight, 
crystalinity, manufacturing methods, and the anatomic 
location where it is used.''-'^'^"-^^ 

Another important question concerning biodegrad- 
able implants is the fate of the implant cavity. Ideally, 
implant degradation should be accompanied by gradual 
bony replacement of the defect. This would be advan- 
tageous in the case of ACL revision surgery and could 
avoid the necessity of using bone graft. 

earlier et al.^* performed an MRI study of 20 
patients using the same screw type as in the present 
study. At 2 years, in addition to the MRI, a CT scan 
was added in 6 patients. They noted contrast enhance- 
ment immediately around the screw \mtil full resorp- 
tion. At 24 months, a slight contrast enhancement 




Figure 5. Example of patient in group B (titanium screw). (A) Within the first postoperative week, (B) 6 weeks postoperatively, (C) 3 monUis 
postoperatively, (D) 6 months postoperatively, (E) 12 months postoperatively, and (F) 24 months postoperatively. 
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existed in place of the screw. However, they concluded 
that CT seemed more accurate in evaluating bony graft 
incorporation and screw resorption. 

In an excellent animal study, Bostman et al.^* 
described the degradation of a PGA screw as well as 
the tisstie response and tissue replacement of the 
implant cavity. According to their report, the physical 
appearance of the screw remained essentially unal- 
tered for 3 weeks after implantation. At 6 weels, there 
was minimal invasion of connective tissue into the 
polymer, and at 12 weeks, erosion of the threads of 
the screw was evident and the implant cavity was in 
the process of being replaced from the periphery by 
connective tissue. At 36 weeks, degradation of the 
implant was complete in all animals. The replacement 
of the tissue cavity and the tissue response accompany- 
ing this process varied. The implant was either gradu- 
ally replaced by aligned connective tissue, newly 
formed trabecular bone, and bone marrow elements, or 
there was formation of a sleeve of cortical bone 
outlining the profile of the screw while the cavity was 
filled with loose granulation tissue. We found a rather 
uniform picture in all patients of group A, whose CT 
images appeared similar to Bostman's later findings, 
with no radiological evidence of bony replacement 
present for up to 3 years postoperatively. However, no 
histologic examination of the cavity content was 
performed in our patients, which makes direct compari- 
son impossible. 



CONCLUSION 

In our study, polyglyconate interference screw fixa- 
tion for patellar tendon grafts has not been found to be 
associated with increased clinical complications or 
major bony reactions. It provided equivalent fixation 
and clinical results compared with titanium screws. 
However, the cost of the bioabsorbable screws is 
currently about double that of metal interference 
screws. Considering this fact and the finding that no 
bony replacement of the implant took place over a 
3-year period, it is at least questionable whether the 
use of these screws can be justified by their potential 
advantages for this type of surgical procedure. This 
study represents short-term follow-up information and 
a continued review of the study population is under 
way. 
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EXHIBIT C 



Case Report 

Fracture of Bilok Interference Screws on Insertion During 
Anterior Cruciate Ligament Reconstruction 

Chadwick A. Smith, M.D., T. Duncan Tennent, F.R.C.S.(Orth.), Sara E. Pearson, Ph.D., and 
William R. Beach, M.D. 



Abstract: New femoral and tibial interference screws for use during anterior cruciate ligament 
(ACL) reconstruction have been developed using a composite of poIy-L-lactic acid (PLLA) and 
tricalcium phosphate (TCP). The combination is described as having better incorporation than 
standard bioabsorbable screws with no loss of mass during incorporation and without the brittle 
nature associated with conventional TCP implants. However, the screw can fracture during insertion, 
leaving the distal third inside the femoral or tibial tunnel, making extraction and revision difficult' 
This is a report of 2 cases of PLLA-TCP screw breakage, 1 occurring in the femoral tunnel and 1 
occumng in the tibial tunnel. Key Words: ACL reconstruction— Bioabsorbable interference 
screws— Screw breakage. 



Interference screws are used routinely to secure the 
graft in the femoral and tibial tunnels during ante- 
rior cruciate ligament (ACL) reconstruction. These 
screws were originally made of metal composites. 
Although strong, metal screws have the potential for 
both cutting through the graft and creating artifacts 
during magnetic resonance imaging of the knee after 
surgery.' Bioabsorbable implants have become more 
popular recently because they have softer edges that 
do not cut the graft and they do not produce radio- 
graphic artifacts. Unfortunately, problems have been 
reported with their use.^.^ These problems include 
unpredictable absorption, loss of mass (and thus loss 
of interference strength during absorption), and for- 
mation of granulomas or effusions. 
Recently, a new type of bioabsorbable interference 
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screw composed of a combination of poly-L-lactic 
acid (PLLA) and tricalcium phosphate (TCP) has been 
developed. These Bilok screws (Alaron Surgical, 
Vista, CA; "Bilok" is a trademark of Biocomposites, 
Etniria, Stoke-on-Trent, England) have the advantage 
of being osteoconductive with no loss of mass as they 
integrate with the bone rather than being absorbed and 
replaced. PLLA is associated with very few of the 
adverse tissue reactions seen with poly-glycolide 
(PGA). The combination of the 2 materials also re- 
duces the brittleness that is seen in products made 
entirely of TCP. 

CASE REPORTS 

Case 1 

A 25-year-old woman was undergoing arthroscopi- 
cally aided ACL reconstruction using a hamstring 
autograft. The tibial and femoral tunnels had been 
created in the standard maimer, and the graft passed 
through the tibial tunnel into the femoral tunnel via 
sutures looped through the graft and pulled through 
the skin over the lateral thigh. A guidewire was passed 
through the anteromedial arthroscopic portal over the 
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Figure 1. Fractured Bilok femoral interference screw with seg- 
ment still attached to screwdriver as reported in Case 1. 



anterior aspect of the graft into the femoral tunnel, and 
a 7-nim Bilok femoral interference screw was passed 
over the wire. The driver was then passed over the 
wire and seated in the screw. As the screw was driven 
into the femoral tunnel, a sudden loss of resistance 
was felt, and the screw was found to have broken just 
distal to the tip of the driver (Fig 1). The fragment of 
the screw still attached to the driver was extracted 
from the joint easily. However, to extract the tip of the 
screw from the femoral tunnel, the graft had to be 
removed from the tunnel entirely. The case was then 
completed uneventfiilly using an alternative fixation 
technique. 

Case 2 

A 23-year-old man was undergoing an arthroscopi- 
cally aided ACL reconstruction using a hamstring 
autograft. The tibial and femoral tunnels had been 
created and the graft fixed into the femoral tunnel with 
a closed loop EndoButton (Smith & Nephew, An- 
dover, MA). A guidewire was placed into the tibial 
tunnel adjacent to the graft. The graft was tensioned, 
and the accompanying dilator device was inserted 
over the guidewire to create a pilot hole in which to 
seat the screw and then was removed. A Bilok tibial 
interference screw was then placed over the wire. As 
it was being driven into the tibial tunnel, the screw 
fi^ctured into multiple pieces (Fig 2), leaving the tip 
within the tunnel. The tip was retrieved by slowly 
unscrewing it with a hemostat. The case was then 
completed uneventfiilly with an alternative bioabsorb- 
able implant. 



DISCUSSION 

Implants composed of PLLA, PGA, PLLA-PGA, 
poly-D,L-lactide-co-glycolide (PDLLA-co-PGA) and 
many other polymers and copolymers have been stud- 
ied with respect to time to absorption, biomechanical 
strength, and adverse reactions. Composites of these 
polymers using more basic salts such as calcium car- 
bonate, calcium hydroxyapatite, and others produce a 
decrease in pH in the area aroxmd the implant as they 
degrade, thus increasing their biocompatibility.^ At 
this time, crystalline PLLA seems to be the most 
conmionly used material for bioabsorbable interfer- 
ence screws because of its superior mechanical prop- 
erties and extended time to absorption (2 to 6 years to 
complete degradation).^ 

The Bilok screws used in the 2 present cases are 
composed of noncrystallme PLLA in combination 
with TCP to promote incorporation rather than degra- 
dation. Accordmg to Alaron Surgical product infor- 
mation,* Bilok screws closely match the modulus of 
human bone and show superior biomechanical prop- 
erties over time compared with conventional PLLA or 
PGA polymers. 

CONCLUSIONS 

The Bilok screw is an appealing concept that incor- 
porates most of the desirable biocompatibility features 
necessary for a safe and effective bioabsorbable im- 
plant for use in ACL reconstruction. However, the 
screws may be somewhat brittle and, as shown in the 
2 cases reported here, can fracture during insertion 
into the tibial and femoral tunnels. 

With the following minor technical modifications, 
we have continued to use the Bilok screw with good 
success. We use the femoral screw design in both 
femoral and tibial tunnels. Also, it is important to 
always use the dilator device to create a pilot hole for 



Figure 2. Multiple fiagments of fractured Bilok tibial interfer- 
ence screw as reported in Case 2. 
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the insertion of the screw into the tunnel. The surgeon 
should also keep continuous pressure on the screw- 
driver to keep it fully seated inside the screw. Finally, 
we use a screw 1 mm smaller than the diameter of the 
tunnel rather than matching the tunnel size. 
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